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ABSTRACT

A thermal model of the Space Environments Complex (SEC) vacuum chamber and cryoshroud
has been developed in support of upcoming thermal vacuum/thermal balance testing for Orion
EM-1. The model was developed in Thermal Desktop and includes the vacuum chsetiba

fluid model of the gaseous nitrogen flowing through the cryoshroud and the chamber piping, the
Heat Flux System (HFS) within the cryoshroud, and the mechanical ground support equipment
(MGSE) that interfaces with the vehiclehas been corrated with steady state data from three

tests. Two tests ran the cryoshroud in hot mode at 170 °F, and one test ran the cryoshroud in cold
mode at263 °F. Correlation was done using an optimization algorithm to find values of

unknown contact conductancést minimized the RMS error between the model predictions and
the test data. Overall, model quality was very good with a total RMS error of 2.6 °F.

INTRODUCTION

The Space Environments Complex (SEG)merly known as the Space Power Facility (SPF), is
locaed at Plum Brook StatiomiSandusky, Ohio and a NASA test facility for simulating

space environmenth.housesa number of largscale test facilities, includindpe Space

Simul ation Vacuum Chamber , tThechamberigd00is | ar ges
diameter and 122 ft high, with a volume of 800,080lIftis capable of sustaining a vacuum level
of less than 2x16 torr with a pumpdown time of less than 8 hours. The cryoshroud system
within the chamber can control the backgroundrtteradation environment frora250°F to
+140°F. This is accomplished using a redlating gaseous nitrogen system, relying on
compressors to reach the hot temperatures, and a heat exchanger and liquid nitrogen
desuperheater to reach the cohperaturesA diagram of the Space Simulation Vacuum
Chamber is shown iRigurel.
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Figure 1. Space Simulation Vacuum Chamber Diagram.

The Space Simulation Vacuum Chamber will be used for the thermal vacuum/thermal balance
test for the Orion spacecraft. This test will expose the vehicle to various thermal environments
over a period of 60+ days using the cryoshroud as well as the HeatyskexnSHFS), which

has been built for this test. The HFS is a structure composed of several zones of radiant heaters
that surround the vehicle in order to simulate the space environments that the vehicle would
experience in flightln addition to the HFShere are a number of other pieces of mechanical
ground support equipment (MGSE) that are required for the test, including structural supports for
the cryoshroud, HFS, anehicle.

A Thermal Desktop model of the vacuum chamber, the cryoshroud, the HRBeafiGSE has
beendevelopedn anticipation of the OrioEM-1 thermal vacuum/thermal balance t&stis
model wagrimarily created tagain a better understanding of the faciige systems during a
test, however the model has incorporated a version of the Orion Integrated Thermal Model
(ITM) (not shown in thislocument and is capable of simulating the full test with a detailed
vehiclemodel. Two of the primary uses of the model are:

1. Predicting MGSE temperatures, to provide input to structural analysis and to evaluate the
environment that other test equipment, such as cable harnesses, might be exposed to

2. Predicting the heat load on tgaseous nitrogen system

This document details the steady state correlation of this model using data from multiple system
tests run at various operating conditions.
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MODEL DESCRIPTION

An overview of the modedeometryis shown inFigure3. Each component of the system is
shownsequentially and is described as follows:

a. Cryofloor Transfer Cart (CTC)he CTC supports the weight of the cryofloor, MGSE,
andthe vehicle. It is composed obkeams and rolls along rails on the chamber floor.

b. Cryofloor: The cryofloor rests on top of the CTC, separated by plastic isolators. The
cryofloor itself is an array of extruded tubes with inlet and outlet manifolds. A-cross
section showing the shape of the extruded tubes and the isolators is slrogure
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Figure 2. Cryofloor extrusion and isolators.

c. Flat Beam Interface (FBBEand Cryofloor Interface Adapt€CIA): The FBI and CIA are
structural elements composed dfdams that support other MGSEhe FBI supports the
Thermal Enclosure Structure (TESpartof the HFS described later, atice CIA
ultimately supports the vehiclBoth of these interface with the CTC through
penetrations in the cryofloor and therefore do not directly contact the cryofloor.

d. Cone Spacer Stand (CSS$he CSSsits on top of the CIA and is another piece of
structure that supports the vehicle.

e. Aft heat plates: The aft heat plates are one part of the HFS and provide radiant heat to the
aft portions of the vehicle. The vertical plates are attached to the CSS and the horizontal
plates are attached to the CIA.

f.  Umbilical masts: The umbilical masts are attached to the CSS using brackets. These
primarily support various cable harnesses.

g. Aftring: The aft ring s on top of the CSS and is the direct attachment point for the

vehicle.
h. Thermal Enclosure Structure (TEShe TES is the other part of the HFS, providing
radiant heat to the forward portions of the vehiclés #feparated intotwd c | am s hel | s ¢

that roll along the FBI rails toreate the enclosure.

i. Cryowalls, cryoceiling, supply/return pipes: These comgheaemainder of the
cryoshroud system inside the chamber. The cryowalls and cryoceiling are suspended
above the cryofloor with sygort structures, most of whi@re not modeledoth the
cryowalls and cryoceiling are divided into four separate zones va#thn inlet and
outlet manifold forthe gaseous nitrogen piping. The cryowall piping is made up of
extruded tubes, similar to the cryofloor. The cryoceiling piping is made up of tubes that

TFAWS 208171 August20-24, 2018 3



Figure 3. Model Geometry.

(a) CTC (b) Cryofloor

(c) FBl and CIA (d) CSS

(e) Aft heat plates () Umbilical masts
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are welded to platefn order to provide a path for air to exit the interior of the shroud
during pump down before the test, and to allow for outgassing during the test, there is a
gap between the cryowalls and the cryoceiling. This is an important feature to model
accuratelyas it also represents a radiative coupling between the warm chamber walls and
the interior of the cryoshroudlso shown are the supply/return pipes that connect to the
inlet and outlet manifolds of each zone of the cryoshroud.

j. Insulation:A single layerof doublealuminized MylarfDAM) surrounds the cryoshroud
(without covering the gap between the cryowalls and cryoceiling) in order to reduce
radiative heat transfer from the vacuum chamber. There are also two sheets of double
aluminized Mylar below the gofloori one between the cryofloor and the isolators, and
one between the isolators and the CTC.

k. Masts:The masts are a part of the assembly that suspends the cryowalls and are attached
to the chamber floor.

[.  ChamberThis represents the vacuum chambealffsvhich surrounds the entire system.

The model was developed in Thermal Desktop 5.8, utilizing RadCAD for radiation calculations
and FloCAD for the gaseous nitrogen fluid model. It conta&865nodesand55,165 linear
conductorsThe gaseous nitrogdhuid model contains 4,870 lumps, 5,301 paths, and 4,059 ties.
Most components were modeled using TD primitives, but the CIA, CSS, and aft ring were
meshed and imported with SpaceClaim.

Included in the model are 93 Temperature Measures meant to represent test therm&buples.
these, 81 are on the cryoshroud #mremainder isn MGSE.Additionally, there are 3

radiation sink nodes (4 in diameter sphetkajrepresent test thermocoeplused to measure

the radiative environment. These thermocouples are attached to long chains that are suspended
from support structure abovEhe chains are not modeled, as it is assumed that conduction
through that path is negligible.

Boundary conditiongclude the chamber temperatures, and gaseous nitrogen temperature,
pressure, and flow rates.

INTEGRATED SYSTEM TE ST MODEL CORRELATION

In January 2014 and August 2015, two Integrated System (T83tywere performedh the
Aempty ¢ hamb e inahichthe dryioshroud evds operated without any of the
previously mentioned MGSiaside For the January 2014 test, the cryoshroud was operated at
170 °F for approximately 37 houdssulationwas installed as described above. For the August
2015 test,he cryoshroud was operated at 170 °F for 14 dagslationwas not installed for this
test.Data from the ends of both of these tests were used for correlation of the model. Both tests
took measurements from the 81 thermocouples on the cryoshroud, holiBetreermocouples in

the January 2014 test produced bad readings and were not used for model comparison.

Model results for both tests are showrrigure4-Figure6, for the cryofloorpone cryowallzone,
andonecryoceiling zone. In general, the de predictios and the test data agreed very well,
with the exception of the intermediate header manifold on the cryoceiling. This is visible as the
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dark blue cold section d¢figure6. The fluid network representing this manifold is shown in

Figure7. The model predicts regions of zero flow, as the gaseous nitrogen takes the shortest path
from the inlets (bottom of the figure) to the outlets (top of the figure). In reality, the flow

behavor inside the manifold is very complex and largely unknoWrere may be significant
threedimensional effects that FIoCAD cannot capture with-dineensional flow modeling.

Regions of stagnant flow may be present, but would likely be fooadized. Theefore, the heat
transfer from the gaseous nitrogen to the manipghthg is under predicted. Adding a multiplier

of 5 to the heat transfer coefficient resulted in much better agreement with the test data. No other
changes were made for model correlation.
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Figure 4. IST model results for the cryofloor.
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Figure 5. IST model results for the southeast cryowall.

Figure 6. IST model results for the southeast cryoceiling.
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